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I n  order t o  determine t h e  ion densi ty  from t h e  ion  sa tu ra t ion  char- 

a c t e r i s t i c  of a Langmuir Probe, one must, needless t o  say, employ t h e  

cor rec t  equation. There is ,  unfortunately,  not only one equation but  a 

m u l t i p l i c i t y  of equations corresponding t o  d i f f e r e n t  plasma regimes. I n  

low dens i ty  plasmas, however, t he re  a re  severa l  regimes of i n t e r e s t  

wherein t h e  ion sa tu ra t ion  cha rac t e r i s t i c  has t h e  a n a l y t i c a l  form 

I = kV$ = k(V - Vpo)n 

Where I i s  t h e  ion cur ren t ;  k i s  a constant of t h e  experiment; Vp i s  

t h e  p o t e n t i a l  of t h e  probe with respect t o  "plasma poten t ia l" ;  V i s  t h e  

measured po ten t i a l ,  with respect  t o  a n  a r b i t r a r y  reference,  Vo; Vpo 

t h e  "plasma potent ia l"  with respect t o  Vo; and n i s  a constant over 

t h e  p a r t i c u l a r  regime for which equation (1) i s  defined. 

i s  

I n  t h e i r  o r ig ina l  work, Langmuir and Mott-Smith (1) derived an 

equation of t h e  form expressed above with n equal t o  1/2, f o r  t h e  case 

of a s m a l l  cy l ind r i ca l  probe immersed i n  a col l _ i s i n y ? l e s ~  p l n a m  ass-urting 

t h e  space charge e f f e c t s  i n  t h e  probe sheath t o  be negl ig ib le .  Extend- 

ing the  work of Langmuir and Mott-Smith t o  include t h e  space charge ef- 

f e c t s  i n  t h e  sheath,  Schulz and Brown (2,3) ' ,obtained equal t o  0.555 n 

and 0.633 f o r  no co l l i s ions ,  and one c o l l i s i o n  i n  t h e  sheath,  



respkct ive ly  . Experimental observation of t hese  t h r e e  regimes has been 

repor ted  i n  t h e  l i t e r a t u r e  (2,3,4). 

Before one can employ t h e  appropriate equation one must determine 

Vpo and t h e  value of n which i s  applicable f o r  t h e  conditions meas- 

ured. One method i s  t o  p l o t  I1/n vs. V f o r  a l l  appropr ia te  values 

of 

measurement. That value of n i s  cor rec t  f o r  which t h e  p l o t  of I1/n 

vs. 

n, as i l l u s t r a t e d  i n  t h e  f igu re  for a t y p i c a l  low-density plasma 

V i s  a s t r a i g h t  l i n e  i n  the  ion  s a t u r a t i o n  region (curve "a" i n  

f i g .  1). 

equation (1) 

Extending t h e  s t r a i g h t  l i n e  region t o  I = 0, we note from 

v = v  PO ( 2 )  

While t h i s  method w i l l  give reasonables resu l t s ,  it i s  very laborious and 

i s  not amenable t o  machine so lu t ion .  

A s impl i f i ed  method, amenable t o  machine so lu t ion ,  i s  based on t h e  

observation t h a t  In I i s  dependent upon t h e  o r i g i n  of V.  From 

eq. (1) we see  t h a t  

d I n  V 

d l n  I - V  dI  
d In V I dV 

n '  = - 

n = e) 
n' 

( 4 )  

(5) 

I n  p r a c t i c e ,  one programs the  machine t o  obta in  

f o r  a l l  l i k e l y  values of n. That n (and Vpo) is  cor rec t  f o r  which 

n ' ,  and then Vpo 
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is  constant over a p o t e n t i a l  range. An example i s  presented i n  t h e  vPO 

following t a b l e  : 

VY* 
vo l t s  

~ 

15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 

1," 
ua 

5.11 
5.58 
6.02 
6.44 
6.84 
7.20 
7.73 
7.91 
8.26 
8.61 
8.97 

vPO 

n = 0.555 

14 
14 
14 
14 
15  
17 
14 
12 
10 

9 
8 

n = 0.633 

-- 
-- 
2 0  
18 
17 
16 

VY* 
v o l t s  

70 
75 
80 
85 
90 
95 

100 
105 
110 
115 
1 2 0  
125 

I,* 
Pa 

9.32 
9.66 

10.00 
10.33 
10.66 
10.98 
11.30 
11 .61  
11.91 
12.21 
12.51 
12.80 

vPO 

n = 0.555 n = 0.633 

15  
14 
13 
1 3  
14 
14 
14 
14 
14 
14 
14 
14 

D.C.  Discharge argon 275p Hg; 45 ma discharge current.  * 

The t a b l e  ind ica t e s  that t h e  plasma p o t e n t i a l ,  Vpo, i s  1 4  v o l t s ,  and 

t h a t  t h e  exponent i n  t h e  region from 15 t o  45 v o l t s  i s  0.555, and 0.633 

i n  t h e  region beginning a t  75 v o l t s  and extending t o  higher p o t e n t i a l s .  

The apparent low accuracy i n  t h e  determination of 

employing an  X-Y recorder t o  record the  data. 

g r e a t l y  improve t h e  obtainable accuracy. 

Vpo is a r e s u l t  of 

D ig i t a l  equipment should 

The procedure described i s  p a r t i c u l a r l y  appl icable  when t h e  plasma 

p o t e n t i a l  cannot be obtained frm t h e  e lec t ron  current c h a r a c t e r i s t i c .  

This s i t u a t i o n  exists when t h e  e lec t ron  current a t  plasma p o t e n t i a l  i s  

s o  high as t o  burn out t h e  probe, and/or d i s tu rb  t h e  plasma.. 
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Fig. 1. P l o t  of I'm V for n = .500, .555, .633. 
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